Introduction
============

Cerebral ischemic stroke is a generic term for cerebral tissue necrosis caused by cerebral supplying artery stenosis or occlusion or insufficient cerebral blood supply. As the pace of life speeds up, and as the way of life has changed dramatically, the incidence rate of cerebral ischemic stroke is increasing year by year, seriously affecting the quality and threatening life ([@b1-etm-0-0-6807],[@b2-etm-0-0-6807]). Therefore, it is urgent to find effective methods and drugs for the treatment of cerebral ischemic stroke. With the development of science of Chinese traditional medicine, people increasingly focus on the study of natural products. Because traditional Chinese medicine has the advantages of high efficiency, low toxicity and multiple targets, work is being carried out to finding an effective anti-cerebral ischemic stroke drug using traditional Chinese medicine ([@b3-etm-0-0-6807]). Magnolol is a natural product with very high activity extracted from Chinese traditional medicine. It has good lipid solubility, so it can penetrate the blood-brain barrier, enter into and work in the brain. Previous studies have confirmed that magnolol has effects of anti-inflammation, anti-virus, antitumor, and inhibition of apoptosis, but magnolol\'s anti-ischemic stroke effect is still undetermined ([@b4-etm-0-0-6807]--[@b6-etm-0-0-6807]). In this study, by constructing models of rat with cerebral ischemic stroke and after administration of magnolol, the effect of magnolol on rats with cerebral ischemic stroke was observed and the molecular mechanism was studied, to deeply investigate the action mechanism of magnolol.

Materials and methods
=====================

### Experimental animals and grouping

A total of 60 male Sprague-Dawley (SD) rats (4-week-old, weighing 200±20 g, purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd., Beijing, China) were selected and randomly divided into sham operation, model and magnolol administration groups, with 20 rats in each group. The rats were kept in cage with controlled temperature and light cycles (24°C and 12/12 light cycles) and free access to water and food. The humidity was 60±10%. The rats in magnolol administration group were intraperitoneally injected with magnolol (75 mg/kg) for 7 consecutive days, once per day. After 7 days of administration, the rats were fasted for 12 h but were given drinking water. Middle cerebral artery occlusion (MCAO) reperfusion models of rat were established in model and magnolol groups by longa\'s animal model. The study was approved by the Ethics Committee of Xingtai People\'s Hospital (Xingtai, China).

### Main reagents

A terminal-deoxynucleotidyl transferase mediated nick end-labeling (TUNEL) kit (Roche, Basel, Switzerland); a bicinchoninic acid (BCA) protein quantification kit (Beyotime Biotechnology, Shanghai, China); a TRIzol total ribonucleic acid (RNA) extraction kit and a reverse transcription-polymerase chain reaction (RT-PCR) reverse transcription kit (both from Tiangen Biotech, Beijing, China); and glyceraldehyde phosphate dehydrogenase (GAPDH), anti-brain-derived neurotrophic factor (BDNF) and Bcl-2-associated X protein (Bax) monoclonal antibodies (ProteinTech Group, Inc.; Wuhan Sanying Biotechnology; Wuhan, China).

Experiment methods
------------------

### Determination of relative cerebral index

The rats in each group were weighed and the body weight was recorded. Then, the rats were sacrificed and the brain was quickly removed to record the brain weight. The cerebral index was calculated by: Cerebral index = brain weight/body weight.

### Hematoxylin and eosin (H&E) staining

Paraffin-embedded rat brain sections were routinely dewaxed until the paraffin was replaced by water and then rinsed with phosphate-buffered saline (PBS) (3 min/time ×3 times). Then, sections were stained with hematoxylin for 5 min, de-stained with 1% hydrochloric acid (HCl), and rinsed with double distilled water (5 min/times ×6 times). After that, sections were made blue with lithium carbonate saturated solution for 1 to 2 min and washed with double distilled water (5 min/times ×3 times). Color separation was then done with 80% alcohol and rinsing was conducted with double distilled water (5 min/times ×3 times). Later, sections were stained with eosin for 5 min and rinsed with double distilled water (5 min/times ×3 times). Last, sections were dewatered, hyalinized, blocked with resin, and photographed using an upright microscope (Olympus Corporation, Tokyo, Japan).

### Detection of apoptosis

The detection was performed in accordance with the instructions of the TUNEL kit. Paraffin-embedded sections were routinely dewaxed until the paraffin was replaced by water, washed with 10 mM PBS for 3 min/time ×3 times, incubated in 1% H~2~O~2~ at room temperature for 20 min to inhibit endogenous peroxidase, rinsed with PBS for 3 min/time ×3 times, digested with 20 µg/ml protease K for 20 min at 37°C, washed with PBS for 3 min/time ×3 times, incubated with terminal deoxynucleotidyl transferase (TdT) buffer for 10 min, immersed in TUNEL mixture \[100 µl mixture containing 1 µl TdT and 1 µl solution of biotin-epsilon-aminocaproyl-\[5-{3-aminoallyl}-2′-deoxyuridine-5′-triphosphate\] (Biotin-11-dUTP)\] at 37°C for 90 min, washed with PBS for 3 min/time ×3 times, and placed in (Tris-HCI buffer) TB for 15 min at room temperature to terminate the reaction. Then, sections were dropwise added with anti-Avidin-horseradish peroxidase (HRP) solution and incubated at 37°C for 1 h, rinsed with PBS for 3 min/time ×3 times, subjected to color development with diaminobenzidine (DAB) for 20 to 30 min, and rinsed to terminate the reaction. Conventional dehydrating, hyalinizing and blocking with resin were carried out. Three fields were observed randomly under high power lens (×200 magnification), and the mean value was calculated as the number of apoptotic cells in the animal.

### RT-PCR analysis

Moderate amount of brain tissues in sham operation, model and magnolol groups were transferred into 1 ml TRIzol reagent and fully ground into homogenate. The homogenate was left to stand for 5 min at room temperature and the sample was completely lysed using Tissuelyser (Qiagen GmbH, Hilden, Germany). The homogenate was centrifuged at 12,000 × g for 5 min at 4°C, and the supernatant was carefully collected, added with chloroform, mixed well, and placed at room temperature for 5 min. The supernatant was carefully collected after centrifugation at 12,000 × g for 15 min at 4°C, added with the same volume of isopropanol, left to stannd at room temperature for 10 min, and centrifuged at 12,000 × g for 10 min at 4°C, and the precipitate was then collected. Ethanol (75%) was added, with homogeneous mixing, to wash the RNA precipitation. Later, RNase-free water was added to completely dissolve it. The ratio of optical density (OD) 260/OD280 and the RNA concentration were then measured. Finally, the reaction product was subjected to RT-PCR analysis via stepwise amplification performed based on the primer sequence templates shown in [Table I](#tI-etm-0-0-6807){ref-type="table"}.

Western blot analysis
---------------------

### Protein extraction

Brain tissues of rats in each group were collected and washed twice with frozen saline, respectively. Protein extraction was run according to the instructions of the total protein extraction kit. The tissue was added with lysate, homogenized for 1 min by a homogenizer and centrifuged at 12,000 × g for 10 min at 4°C. Then, the supernatant, i.e., total protein in liver tissue, was collected. The protein concentration was determined by the BCA protein concentration kit and the supernatant was sub-packaged and stored at −80°C until use.

### Protein denaturation

The total protein extract was mixed evenly with 2X loading buffer based on the volume ratio of 1:1, heated in boiling water for 5 min, cooled naturally, and stored at 4°C until use.

### Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE separation gel in an appropriate proportion was prepared according to the molecular weight of target protein, with a coagulation of \~1 h. Then, 5% SDS-PAGE spacer gel was prepared and coagulated for \~0.5 h. Electrophoresis buffer was added, and the denatured protein samples were loaded onto sample loading wells according to the protein concentration, so that the total protein content per well was the same. Electrophoresis was performed at a constant voltage of 220 V and stopped after bromophenol blue reached the bottom of the gel.

### Membrane transfer

The gel was cut based on the molecular weight of target protein, and put into transfer buffer. And 1 layer of polyvinylidene fluoride (PVDF) membrane and 6 layers of filter paper were cut according to the size of the gel. The PVDF membrane was firstly immersed in methanol for 10 sec, and then put into the transfer buffer together with the filter paper. They were put into a transfer unit in the following sequence: Positive electrode, three layers of filter paper, PVDF membrane, gel, three layers of filter paper and negative electrode, with attention paid to edge alignment so as to prevent blistering. The membrane transfer was for 2 h at a constant voltage of 110 V.

### Blocking

The PVDF membrane containing protein was placed and blocked in 5% skimmed milk on a shaker at room temperature for 2 h.

### Immune response

The blocked membrane was washed with Tween/Tris-buffered saline (TTBS) for 5 min, placed into the mouse anti-rat BDNF, Bax and GAPDH primary monoclonal antibodies (1:1,000; cat. nos. 66292-1-Ig, 60267-1-Ig and 60004-1-Ig, respectively; ProteinTech Group, Inc.; Wuhan Sanying Biotechnology) in corresponding proportion, and incubated overnight at 4°C. The membrane was washed with TTBS 3 times (10 min/time), put into the corresponding goat anti-mouse secondary polyclonal antibody (1:1,000; cat. no. SA00001-1; ProteinTech Group, Inc.; Wuhan Sanying Biotechnology), incubated on a shaker at room temperature for 3 h, and rinsed with TTBS 3 times (10 min/time).

### Enhanced chemiluminescence (ECL)

A gel imager was preheated for 30 min. Reagents A and B in the ECL kit were mixed evenly at same volume, added dropwise onto the PVDF membrane, with full contact, kept in the dark and subjected to color development for 1 min. The filter paper was used to blot up excess liquid around the membrane, and then the membrane was placed into the gel imager. Later, dynamic integration mode was applied to take pictures, and the results were observed. Image analysis software was employed for image analysis.

### Statistical analysis

Experimental data are expressed as mean ± standard error of the mean (mean ± SEM). For experimental results, Statistical Product and Service Solutions (SPSS) 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was utilized for statistical analysis. The t-test was used for mean comparison between the two groups. One-way analysis of variance (ANOVA) was applied for comparison of sample average among multiple groups and the post hoc test was SNK test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of magnolol on cerebral index

As shown in [Fig. 1](#f1-etm-0-0-6807){ref-type="fig"}, the cerebral index in model group was increased significantly compared with that in sham operation group, while the cerebral index was obviously lower in magnolol administration group than that in model group. This result showed that magnolol can effectively affect cerebral index and improve brain injuries.

### Results of H&E staining

H&E stained brain tissue sections in sham operation, model and magnolol groups were used to find differences in pathological features among samples. According to [Fig. 2](#f2-etm-0-0-6807){ref-type="fig"}, compared with the brain tissue section of rats in sham group, a large number of inflammatory cells were found in the brain tissue section of rats in model group, with pyknotic, broken or even disappeared cell nuclei, and severe brain injuries; after rats were given magnolol, the inflammatory cells were overtly reduced, and the nuclei were more complete, suggesting that magnolol can improve brain injuries.

### Results of TUNEL staining

The apoptosis of brain tissue of rats in sham operation, model and magnolol groups was observed through TUNEL staining. As shown in [Fig. 3](#f3-etm-0-0-6807){ref-type="fig"}, compared with the brain tissue of rats in sham operation group, the brain tissue of rats in model group had abundant apoptotic cells, but magnolol group had distinctly reduced apoptotic cells after the administration of magnolol.

### Results of RT-PCR

Total RNAs were extracted from brain tissue samples of rats in sham operation, model and magnolol groups. Through RT-PCR, it was found that BDNF was significantly decreased and Bax was clearly increased in the model group, which were effectively reversed after rats were given magnolol, indicating that magnolol has a neuroprotective effect and can inhibit the production of apoptosis ([Fig. 4](#f4-etm-0-0-6807){ref-type="fig"}).

Protein expression levels of BDNF and Bax of rats in sham operation, model and magnolol groups. Western blotting results showed protein expression levels of BDNF and Bax of rats in sham operation, model and magnolol groups. As shown in [Fig. 5](#f5-etm-0-0-6807){ref-type="fig"}, sham operation group had a high protein expression of BDNF but a low protein expression of Bax; while model group showed a low protein expression of BDNF but a high protein expression of Bax; in magnolol group, the protein expression of BDNF was significantly higher than that in model group, and the protein expression of Bax was clearly decreased compared with that in the model group.

Discussion
==========

Brain is a major part of the higher neural system of the vertebrate and a higher nervous center to control movements, produce sensations and achieve high brain functions ([@b7-etm-0-0-6807]). Cerebral ischemic stroke seriously affects human health. Cerebral ischemic stroke refers to the sudden onset of blood flow perfusion reduction or complete obstruction of blood flow in supplying arteries in local brain tissues, leading to stopping of blood supply, oxygen supply, sugar supply, thereby resulting in disintegration and damage of local brain tissues ([@b8-etm-0-0-6807]--[@b10-etm-0-0-6807]). At present, methods used for the treatment of cerebral ischemic stroke are based on the improvement of blood circulation of the brain, increase in blood and oxygen supply in the penumbra area of ischemic area, control of brain edema, and prevention and treatment of complications. Although therapeutic methods for cerebral ischemic stroke are numerous, with up to dozens of drugs, the ideal therapeutic regimen is still controversial and uncertain ([@b11-etm-0-0-6807]). Therefore, the development of new drugs with special effects is necessary. However, new drugs in research and development mainly are chemical synthetic drugs, with high development costs, great risks, long cycles, and low success rates, so the annual number of new drugs in research and development is extremely limited.

Active constituents extracted from traditional Chinese medicine, especially Chinese herbal medicine, are not only important sources for new drug development ([@b12-etm-0-0-6807]--[@b14-etm-0-0-6807]), but also important means in preventing and treating modern diseases. Moreover, active constituents also have a great significance for the modernization and internationalization of Chinese traditional medicine ([@b15-etm-0-0-6807]). In recent years, natural products with significant anti-cerebral ischemic stroke effect have been continuously found ([@b16-etm-0-0-6807]). A large number of studies have shown that BDNF and Bax (an apoptosis-related factor) play important roles in cerebral ischemic stroke. This study took BDNF and Bax as targets to find effective Chinese traditional medicine. Magnolol is a natural compound; modern studies have indicated that magnolol has various pharmacological effects, such as antitumor, anti-hyperlipidemia, and anti-fungal effects; many previous studies have also revealed that magnolol has effects of anti-inflammation, anti-apoptosis and immunoregulation; however, the effect, mechanism of action, and target of action of magnolol on cerebral ischemic stroke are still unknown ([@b17-etm-0-0-6807]--[@b20-etm-0-0-6807]). Therefore, these unknown fields were studied in depth by the authors.

Male SD rats were studied and they were randomly divided into sham operation, model and magnolol administration groups. The cerebral indexes of each group were detected, respectively. The histopathological differences among each group were detected by H&E staining. Apoptosis of each group was measured via TUNEL staining. The expression of mRNA and protein of BDNF and Bax in sham operation, model and magnolol groups was detected through RT-PCR and western blot analysis. The results showed that the cerebral index was dramatically decreased after the administration of magnolol. The results of H&E staining revealed that a large number of inflammatory cells were found in the brain tissue of rats in model group, and the structure of cell nucleus was destroyed; magnolol was effective in improving brain injuries. The results of TUNEL staining indicated that plenty of apoptotic cells were produced in model group, and it was obviously improved after rats were given magnolol. RT-PCR and western blotting, respectively confirmed that in model group, the expression of mRNA and protein of BDNF was clearly decreased but distinctly raised after the administration of magnolol; the expression of mRNA and protein of Bax was overtly increased, but clearly declined after the administration of magnolol. This study shows that magnolol can improve cerebral ischemic stroke in rats; this is because magnolol can increase the expression of BDNF and decrease the expression of Bax. Magnolol, an anti-apoptotic neuroprotective drug, provides a new regimen for the prevention and treatment of cerebral ischemic stroke.
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###### 

RT-PCR primer sequences for BDNF, Bax and GAPDH mRNAs.

  Gene names   Primer sequences
  ------------ ------------------------------------
  BDNF         F: 5′-3′ GCCCATATGACCATCCTTTTCCTTA
               R: 3′-5′ CTATCTTCCCCTTTTAATGGTCAGT
  Bax          F: 5′-3′ CAGGATGCGTCCACCAAGAA
               R: 3′-5′ CGTGTCCACGTCAGCAATCA
  GAPDH        F: 5′-3′ GAGCCGGGAAATCGTGCGT
               R: 3′-5′ GGAAGGAAGGCTGGAAGATG

BDNF, brain-derived neurotrophic factor; GAPDH, glyceraldehyde phosphate dehydrogenase; Bax, Bcl-2-associated X protein; mRNAs, messenger RNAs.
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